Results: Under BL-TMA, no mutagenic crosslinks, no photocleavage and neither photooxidative lesions were detected on isolated plasmid DNA. TMA showed high antiproliferative activity on DU145 cells through induction of apoptosis. Besides ROS generation, the proapoptotic effect seemed to be related to activation of p38 and inhibition of p44/42 phosphorylation. Interestingly, the decrease in nuclear β-catenin was coupled with a significant dropping of CD44-positive cells.
| INTRODUCTION
Prostate cancer (PCa) is one of the most frequent disease among male subjects. Conventional therapies may lead to recurrence and progression of disease, 1 being necessary the development of new approaches.
Among these, photodynamic therapy (PDT) is a promising strategy in delivering focal treatment in PCa. therapy to treat several skin diseases for patients with moderate-tosevere psoriasis, eczema, vitiligo, mycosis fungoides 3 and some autoimmune disorders such as cutaneous T-cell lymphomas, graft-vs-host disease, systemic sclerosis and Crohn's disease through an extracorporeal therapy called photopheresis. 4 Furocoumarins comprise natural and synthetic compounds: linear molecules, so called psoralens, and the angular ones, the angelicins.
The photobiological effects of furocoumarins plus UVA are mainly related to their capacity to bind DNA and form monoadducts (MAs) and interstrand crosslinks (XLs), mainly with pyrimidine bases. Furthermore, furocoumarins produce ROS that impair cellular functions through lipid peroxidation, oxidation of guanine and strand breaks in nucleic acids, oxidation of proteins and inactivation of enzymes. 5 It is known that the combination of 8-MOP and UVA radiation causes apoptosis of treated leucocytes and may cause preferential apoptosis of activated or abnormal T cells. Moreover, these apoptotic cells may promote immune tolerance, production of antigen-specific regulatory lymphocytes (CD4/8 T, B) and rebalance of immune system. 6 Even though furocoumarins possess high chemotherapeutic potency under UVA and lack toxicity in the dark, genotoxicity, mutagenicity and skin phototoxicity have been observed. 7, 8 In the attempt to improve the activity of psoralens and avoid severe side effects thought to be mainly related to the formation of XLs, 
| DetectionofinteractionbetweenTMAand isolatedDNA
Strand breaks, photooxidative damage and XL formation were verified on pBR322 plasmid DNA as described previously. 
| Cellcultures
Human PCa cell line DU145 (Cell Lines Service, GmbH, Eppelheim, Germany) was cultured as described previously. Spheres diameters and number were determined using ImageJ tools.
| Westernblot
At 24 hours, total proteins were isolated by lysis buffer, whereas nuclear proteins by Nuclear and Cytoplasmic Extraction Reagents 
| Statisticalanalysis
Data, obtained from at least 3 experiments, were expressed as mean ± the standard error of the mean. The difference between groups was evaluated using analysis of variance (ANOVA) and Student's t test.
| RESULTS

| LesionsinducedbyTMAonDNAunderBLand UVAirradiation
Thin behaviour is likely due to the different types of photoadducts formed under the 2 lights and the resulting structure acquired by the plasmid.
The detection of DNA oxidative damage was achieved by the base excision enzyme Endo III, which recognizes 5,6-dihydropyrimidines induced by hydroxyl radicals and removes the oxidized base, leaving abasic sites. Notably, TMA in combination with BL induced less oxidation than BL alone ( Figure 1C ). However, both BL and UVA light alone were able to induce a remarkable oxidative damage, higher than in the presence of TMA. Indeed, TMA molecules by absorbing the incoming radiation likely protected the macromolecule from photooxidation.
The quantification by densitometric analysis of each band of the gels shown in Figure 1 is reported in Figure S3 of the Supporting Information. 
F I G U R E 3
| EffectsonDU145PCacells
To Reactive oxygen species generation, determined immediately after cell treatments, was significantly enhanced by photoactivated TMA.
TMA plus UVA induced higher levels of ROS than plus BL ( Figure 3C ). The quantification of protein expression levels was performed by densitometric analysis of the bands using ImageJ processing software. Data are reported as ratio between target protein and relative GAPDH expression. *P < .05 vs untreated cultures taken as control Our findings indicate that the strong TMA photocytotoxicity can be related to the kind and number of DNA lesions; BL, compared to UVA light, can activate TMA as well, although at higher concentrations, but without the potential risk of mutagenic lesions. 
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On the contrary, cultures treated with photoactivated TMA showed decreases in phosphorylation of p44/42 MAPK (ERK½), usually activated by growth factors and mitogens leading to anti-apoptotic effects. 18 Taken together, our data agree to the observation that p38 signalling can indirectly regulate ERK½.
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Decreases in p44/42 phosphorylation were detected also in cultures treated with the compound in the dark, suggesting that TMA could interact with molecular targets without photoactivation. It has been demonstrated that in the dark some angelicins are able to inhibit NF-kB/DNA interactions demonstrating anti-inflammatory profile 20 and TMA has shown to be an effective enhancer of cystic fibrosis transmembrane conductance regulator. (LRP5/6) co-receptors inhibits degradation of cytoplasmic β-catenin that translocates into the nucleus leading to transcription of genes.
Dysregulation of Wnt signalling has been associated with several types of cancers, including PCa.
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Notably, the decrease in nuclear β-catenin was coupled to significant lowering of CD44-positive cells, being TMA plus BL more effective than TMA plus UVA light. The reduction in CD44-positive cells detected also in cultures treated with the compound alone may be related to the lowering of p44/42 MAPK phosphorylation, as pERK regulates CD44 expression.
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Several evidences have shown that CD44 is overexpressed in several cancers as marker of cancer stem cells (CSCs). Thus, in the last years, the therapeutically targeting of CD44 has been attempted through various approaches. 24 In PCa, CD44 expression levels positively correlate to the cancer stage and can predict the therapeutic response to the treatment. 25 Our findings suggest a relation between CD44 and Wnt pathway. CD44 is not only a Wnt target gene but also a positive regulator of Wnt pathway through interaction with LRP6. 26 Indeed, nuclear translocation of β-catenin is inhibited by silencing CD44 in several cancer cells, including PCa cell lines.
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Overall, our results indicate, for the first time, that TMA can be activated by BL, although at higher concentrations than UVA light, decreasing the risk of mutagenic lesions on treated cells. Thus, the toxicity of both light and compound itself on neighbouring healthy cells could be overcome with a BL-TMA-targeted treatment in the site of the cancer lesions. Besides ROS generation, the proapoptotic effects on DU145 cells seem to be related to activation of p38 and inhibition of p44/42 phosphorylation. Interestingly, photoactivated TMA was able to affect Wnt signalling and CD44 expression, both involved in CSC growth and renewal. To investigate the interaction between these 2 hallmarks of CSCs after treatment with BL-TMA, molecular docking studies will be carried out to verify whether TMA can bind CD44 and expression levels of Wnt target genes as well as glycogen synthase kinase-3b, involved in β-catenin degradation, will be determined.
